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BACKGROUND
The problem of inferring mechanical relaxation spectra in linear viscoelastic theory is herein treated as a mathematically ill-posed problem.
In previous investigations the established regularization technique of Tikhonov (Reference 1, 2) was applied to the mathematically ill-posed problem of inferring a reliable molecular weight distribution from ultracentrifuge sedimentation equilibrium data at a single angular velocity (References 3-5).
This technique was further applied (Reference 6) to computer generated data using the well known Fredholm integrals of the first kind encountered in linear viscoelastic theory, namely
where E r(t) is a stress relaxation modulus, E'(w) and E"(w) are the in-phase and out-of-phase components of the complex dynamic modulus, respectively, and H(T) is the sought after relaxation spectra.
The difficulty often mentioned in finding the inverse solution to equations (1), (2) or (3) is experimental error in determining E r(t), E'(w) or E"(w) can make the determination of H(T) futile. As a result iterative approximations have been devised so as to control and limit the occurrence of "wild oscillations" (References 6-12).
The present technique has been successfully applied to computer generated analogous experimental data (Reference 6). Therefore, it was felt that application to real experimental data was now necessary. The data 2 chosen is the stress -relaxation Master Curve data of NBS polyisobutylene by Tobolsky and Catsiff (Reference 13). In the following, a brief review of the theory of regularization is presented. An attempt is made to convey this theory in light of the method of undetermined multipliers.
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THEORY
Rewrite the specific equations (1-3) in a more general form 
Tikhonov suggests minimizing not yield absolute extrema but rather conditional extrema. Not knowing exactly the constraints required to control this "noise" one would be led to apply the logic implied by equation (12) . That is, assume various derivatives of f(y) are the constraints and vary the X's (in our nomenclature a.) 1 until a minimum in the error analysis is achieved. The "best fit" solution f*(y) will then be that in correspondence with the smallest or inferior of all the individual conditional minima. It is just this technique which has been applied using equations (6) and (7) Table 1 and equation (3), the computed stress relaxation values, column four of Table 1 and circled points in Figure 2 , were determined. To achieve these results, each 7 individual f(1)(y) [equation (7)] was independently applied. The corresponding Ot was varied and the distribution in correspondence with the minimum of coefficient of variation between the experimental Er, 2 9 8 (t) and the calculated EF (t) was used. The chosen distribution was in correspondence with the inferior of these minima coefficients of variation. In the present case for i=l, 1if b (-dý1)) dy (15) was the regularization function yielding inf IIJE(t) ex-E r(t) cliI.
rep rc8 CONCLUSION A computational technique is of value to an experimenter if it is reliable, easy to use, and does not consume a large amount of high speed digital computer time. In the present case, the reproducibility of the log H(T) distribution almost identical to that achieved by the "a priori" functional '"wedgebox" shape is very encouraging. The only restriction on the sought after distribution, in the present case, is that the boundaries of the range of relaxation times be broad enough so that the function and its derivatives vanish at the boundaries and that the function is continuous. This will further reduce the actual computational time.
Having the capability to easily infer a relaxation spectra from experimental mechanical data within the regime of linear viscoelasticity, one is led to apply the technique to data from a variety of specimens. As mentioned within the text this will allow a correlation between mechanical model relaxation spectra H(T) and the observed morphology. This should be a step toward eventual 'tailoring" molecular level processes to yield desired macroscopic end use morphologies. It is realized that this is a long term process. However, another more immediate use of this new capability will be the time saving in being able to do a few experiments and, using existing viscoelastic theories, predict other unmeasured mechanical behavior of the material. This will especially be of value for long time mechanical behavior.
Again one should remember that the predictions are only as good as the theories used in the extrapolation of information. That is, there will always be the need for experimental checking, but the number of experiments performed will decrease as confidence in the theory increases.
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Finally, since the present investigation concerns itself only with linear viscoelastic theory, the greatest impact will come by extending these ideas to the nonlinear viscoelastic regime. 
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